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INTRODUCTION TO ORGANIC CHEMISTRY


A. Organic chemistry



1. Definition

Organic chemistry is the chemistry of carbon compounds.



2. Description

Organic chemistry is important because there are more compounds formed from carbon than all of the other elements put together.


B. Organic molecules have covalent bonds.



1. Non-polar and polar bonds




a. Non-polar bonds.





There is equal or nearly equal sharing of the bonding 

electrons between the two atoms.

b. Polar bonds


(1) There is unequal sharing of the bonding 

      electrons between the two atoms.

(2) Electrons spend more time near one atom of 

      the pair than the other.

(3) Where the electrons spend more time



(a) There is a partial negative charge.



(b) This is symbolized with “((”

(4) Where the electrons spend less time



(a) There is a partial positive charge.



(b) This is symbolized with “(+”

c. Visual example
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2. Single and multiple covalent bonds




a. Single covalent bonds





(1) Where one pair of electrons is shared between 

                                                      two atoms.

(2) Symbolized by one pair of dots or by a dash.

b. Double covalent bonds





(1) Where two pairs of electrons are shared between 

                                                      two atoms.

(2) Symbolized by two pairs of dots or by two dashes

c. Triple covalent bonds





(1) Where three pairs of electrons are shared between 

                                                      two atoms.

(2) Symbolized by three pairs of dots or by three dashes


C. Organic molecules have a three-dimensional shape – very important to 

                 their chemistry.



Three-dimensional representation of methane


D. “CHONS” – the five most common elements in organic molecules



C – carbon



H – hydrogen



O – oxygen



N – nitrogen



S – sulfur


E. Comparing organic compounds and inorganic compounds

	ORGANIC
	INORGANIC

	bonding is almost entirely covalent
	many compounds have ionic bonds

	gases, liquids, or low MP (less than 360 (C) solids
	mostly high MP (greater than 360 (C) solids

	mostly insoluble in water
	many soluble in water

	mostly soluble in organic solvents such as gasoline, xylene, etc.
	almost entirely insoluble in organic solvents

	almost all burn
	very few burn

	reactions are usually slow
	reactions are usually very fast



F. The importance of structural formulas



1. Comparison of molecular and structural formulas

Molecular formulas show the kinds and numbers of atoms present in a molecule.

Structural formulas show the arrangements and the bonds that connect the atoms together.



2. Isomers

Compounds that have the same molecular formula but different structural formulas are called isomers.

3. Isomers can have very different chemical properties in spite 

    of having the same molecular formula.

Example: C2H6O
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ethyl alcohol and dimethyl ether

	
	Ethyl alcohol
	Dimethyl ether

	physical state at room temperature
	liquid
	gas

	reacts with sodium
	yes
	no

	poisonous in moderate amounts
	no
	yes

	anesthetic in small amounts
	no
	yes


FUNCTIONAL GROUPS


A. Introduction to functional groups



1. Definition

A functional group is an atom or a group of atoms within a molecule that has a characteristic structure and chemical behavior, and confers specific properties to that organic molecule.



2. Importance




a. Functional groups allow us to classify the nearly twenty million 

   known organic compounds


b. Functional groups determine the chemistry of the organic 

                molecules that contain them.


B. Outline of functional groups



1. Hydrocarbons – contain only carbon and hydrogen




a. Saturated – contain only carbon-carbon single bonds





Alkanes – contain only carbon-carbon single bonds




b. Unsaturated – contain carbon-carbon multiple bonds





(1) Alkenes – contain a carbon-carbon double bond





(2) Alkynes – contain a carbon-carbon triple bond





(3) Aromatic hydrocarbons – contain a six-membered 

                                                      ring of carbon atoms with three double bonds




c. Both saturated and unsaturated hydrocarbons can be 

               divided into acyclic and cyclic  compounds.





(1) Acyclic – one part of the molecule does NOT join 

                                                      in anywhere else on the molecule to form a ring-like 

                                                      arrangement





(2) Cyclic – one part of the molecule DOES join in 

                 elsewhere forming a ring-like arrangement



2. Only single bonds with a carbon atom bonded to an electronegative 

                            atom


a. Alkyl halides – have an alkyl group (part of an alkane) 

              attached to a halogen atom


b. Alcohols – have a hydroxyl (an “– OH” group) bonded to a 

                saturated carbon atom


c. Ethers – have an oxygen with either an alkyl group (part of 

                an alkane) or an aryl group (part of an aromatic ring) attached 

                to both sides of it


d. Amines – are a derivative of ammonia in which one or more 

                hydrogens have been replaced by an alkyl group (part of an 

                alkane) or an aryl group (part of an  aromatic ring)



3. Carbon-oxygen double bond




a. Aldehydes – have a carbonyl group (“C=O”) with a hydrogen 

                                       attached to one side of it and either an alkyl (part of a alkane) 

                                       or aryl group (part of an aromatic ring) attached to the other 

                                       side of it

b. Ketones – have a carbonyl group (“C=O”) with either an alkyl 

    group (part of an alkane) or an aryl group (part of an aromatic 

    ring) attached to both sides of it




c. Carboxylic acids – have a carbonyl group (“C=O”) with a 

                                        hydroxy group (an “– OH”) attached to the carbon of the 

                                        carbonyl group




d. Acid anhydrides – a compound formed by the removal of water 

                                        in the reaction of two molecules of a carboxylic acid




e. Esters – formed from the reaction of a carboxylic acid and 

                                        an alcohol




f. Amides – have a carbonyl group (“C=O”) with a nitrogen 

                                       attached to one side of it
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4. Examples


C. Summary of the number of bonds elements important to organic chemistry.



1. C – 4 bonds



2. N – 3 bonds

3. O – 2 bonds

4. S – 2 bonds



5. H – 1 bond



6. F, Cl, Br, and I – 1 bond



7. Examples

Propose a structure that fits the following description:


C3H6O containing a ketone functional group
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ALKANE


A. Definition



An alkane is a hydrocarbon containing only carbon-carbon single bonds


B. Can be divided into three categories based on shape



1. Straight-chain – all carbons connected in a row



2. Branched chain – have branching connections of carbons



3. Cyclic – have three or more carbons connected in a ring


C. Physical and chemical properties of alkanes



1. Insoluble in water



2. Soluble in non-polar solvents



3. Melting point and boiling point increases with increasing molecular 

   weight.



4. Flammable but otherwise not very reactive at all


D. Drawing structures



1. Complete structural formulas ( all bonds and atoms [image: image86.wmf]C
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2. Condensed structural formulas ( some bonds are shown and some

                            bonds are implied 
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CH3CH2CH2CH3




CH3(CH2)2CH3


3. Bond line structure ( even more abbreviated with more implied features
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E. Examples



Draw complete structural formulas for the following:




A straight-chain isomer with the formula C6H14
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Two branched chain isomers with the formula C5H12[image: image90.wmf]C
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CLASSIFICATION OF CARBON ATOMS


A. Description



Carbon atoms are always TETRAVALENT – they always from a total of 

four bonds.

Hydrocarbons can be classified according to the number of carbon atoms 

directly bonded to a specific carbon atom.

B. Usefulness

This classification is used to describe the reactivity of functional groups attached at those carbon atoms.


C. The four classifications



1. Primary carbon atom




a. A carbon bonded to only one other carbon atom




b. Symbol – 1(


2. Secondary carbon atom




a. A carbon atom bonded to two other carbon atoms




b. Symbol – 2(
3. Tertiary carbon atom




a. A carbon atom bonded to three other carbon atoms




b. Symbol – 3(
4. Quaternary carbon atom




a. A carbon atom bonded to four other carbon atoms




b. Symbol – 4(


5. Example
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IDENTIFYING ISOMERS


A. Isomers are NOT created by rotation around a single bond.

Use molecular models to demonstrate rotation around a single bond.



B. Isomers are NOT created by flipping or rotating the entire

               molecule.

Use molecular models to demonstrate flipping and rotating 2-methyl butane.

IUPAC (International Union of Pure and Applied Chemistry) NOMENCLATURE   (NAMING)


A. When followed correctly IUPAC, pronounced (EYE-you-pack) rules will      

                 produce a specific and unique name for every organic compound.

B. IUPAC rules use a system of prefixes and suffixes as well as a parent name.


1. Visual model
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2. The parent and the suffix describe the basic backbone of the molecule. 


a. The parent tells how many carbons are in the longest carbon 

    chain in the molecule.





“meth-“ 1 carbon





“eth-“    2 carbons, etc.




b. The suffix tells what family the molecule belongs to.





“-ane” for alkANEs





“-ene” for alkENEs, etc.



3. Examples




a. CH3CH2CH3 – propane




b. CH3(CH2)4CH3 – hexane



4. The prefix tells the identity and location of any branching alkyl groups 

                            and some functional groups on the parent chain.




a. Alkyl groups can be thought of as an alkane that has “lost” one 

                                        hydrogen atom.

b. Alkyl groups are named by replacing the “–ane” ending of the 

    alkane with the “–yl” ending of the alkyl group.




c. Examples





“CH3 –” comes from CH4




 “methyl”                 “methane”







“CH3 CH2CH2 –” comes from CH3 CH2CH3





 “propyl”                                  “propane”


NAMING ALKANES


A. Rules



1. The longest continuous chain of carbon atoms is the parent.

Remember that this does not have to be in a straight line as long as it is continuous!
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Consider the compound to have been derived from this 

structure by the replacement of hydrogens by various 

branches, functional groups or other substituent groups.
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2. Assign a number to each group or branch by counting 

    from the end of the chain that gives the branches or the 

    groups the [image: image99.wmf]C

H

lowest possible numbers.


            WRONG                         RIGHT

3. Each branch or group has a number that indicates its 

                            location on the parent chain.
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            2-methylpentane

When two substituents are located on the same carbon 

   
atom, each must be assigned the same number.

[image: image101.wmf]C

X

                          

                    2,2-dimethylpentane

4. The number for the position of each alkyl group is placed 

    immediately before the name of the group and is joined to 

    the name by a hyphen.
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Alkyl and aryl groups, as well as halogen groups, are listed in alphabetical order.

                    This IS 4-ethyl-3-methylheptane NOT 3-methyl-4-ethyl-heptane



5. If the same substituent group appears more than once: 

a. Use the correct prefix ( di-, tri-, tetra-, etc. ( to tell 

    how many of these groups there are.

	Number of Identical Groups
	Prefix

	2
	di-

	3
	tri-

	4
	tetra-

	5
	penta-

	6
	hexa-


b. Indicate by the necessary numbers where these 
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    groups are.

         4,4-diethyl-2,2,3,3-tetramethyloctane



6. The prefixes di-, tri-, tetra-, etc. do not alter the alphabetical

                            order of the alkyl groups.

7. Write the name as a single word using hyphens to separate 

                            the numbers from the prefixes and using commas to separate 

                            any sequential numbers.


B. Examples
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Name the following:

2,2-dimethylpentane
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                             3,3,4,4,5,5-hexamethylheptane

DRAWING STRUCTURES OF ALKANES


A. Procedure



1. Draw the bare backbone of carbons for the parent chain.



2. Add any branches, functional groups or other substituent

                        groups at the indicated locations.



3. Fill in hydrogens as needed to make each carbon tetravalent.


B. Examples



Draw the structure of:
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3-methylpentane




4-ethyl -2,2- dimethylheptane
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NAMING AND DRAWING STRUCTURES OF ALKYL HALIDES

A. The same rules apply but add the following:

The four halogens are named by the prefixes:




  F – fluoro-




Cl – chloro-




Br – bromo- 

   I – iodo- 


B. Examples
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1. Naming




2,3 - diiodobutane



2. Drawing




3-bromo-2-chloro-4-methylheptane

[image: image109.wmf]
NAMING AND DRAWING CYCLOALKANES 


A. Rules



1. The ring of carbon atoms is the parent.

2. Add “cyclo-“to the parent name of the straight chain alkane 

    with the same number of carbons to indicate that it is a ring.



3. Number the branches, functional groups or other substituent

    groups.

a. Start with the substituent that has alphabetical 

    priority.

b. Number the direction around the ring that gives the 

    second substituent the lowest possible number.

4. The other rules still apply.


B. Examples



1. Naming
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1 - ethyl - 3 - methyl - 6 - propylcyclohexane



2. Drawing




1,1-dibromo-3-propylcyclopentane
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REACTIONS OF ALKANES

A. Cracking



1. Thermal cracking

a. Description

Large alkanes are converted into smaller alkanes, 

alkenes, and some hydrogen.




b. Importance





The production of ethylene for use in the 

manufacture of plastics and other chemicals



2. Catalytic cracking




a. Description





After all of the gasoline has been refined out of 

crude oil large alkanes are converted into gasoline (octanes, etc.)




b. Importance

Produces more gasoline per barrel of crude oil


B. Combustion



1. General pattern




CnH2n+2 + excess O2 (( n CO2 + (n+1) H2O + heat



2. Example




C3H8 + excess O2 (( 3 CO2 + 4 H2O + heat


C. Halogenation
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1. General pattern
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X2 = Cl2 or Br2

a mixture of products is formed



2. Example

                  CH3CH3C H3 + Cl2 
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ALKENES


A. Definition

An alkene is a hydrocarbon containing at least one carbon-carbon 

double bond.


B. MAY exist in “cis-“ and “trans-“ forms.

1. A geometric isomerism can occur because there is no free 

    rotation around the double bond as there was with the single 

    bond.



2. For a cis-trans isomerism to occur BOTH carbons of the 

                           double bond must be connected to TWO DIFFERENT 

                           groups.



3. Cis- and trans- refer to which side of the double bond the 

                           different groups are attached.




a. Cis- 





(1) From the Latin “on this side”





(2) The different groups are on the SAME side 

                 of the double bond.




b. Trans- 

(1) From the Latin “across”

(2) The different groups are on the OPPOSITE    

      side of the double bond.


C. Physical and chemical properties of alkenes



1. Insoluble in water



2. Soluble in non-polar solvents

3. Melting point and boiling point increases with increasing

    molecular weight.



4. Flammable



5. Reactive at the double bond

NAMING ALKENES 


A. Rules



1. The longest chain that contains the double bond is the parent 

                         chain.
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2. The parent name is given the same stem as the corresponding 

     alkane, but the suffix “-ene” replaces the suffix “-ane”.


CH2=CH2



3. The carbon atoms are numbered from the end of the chain 

                          closer to the double bond.
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4. The number of the first carbon atom with the double bond is 

    used as a prefix to the parent name and is separated from it 

    by a hyphen
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1 - butene
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2 - butene

5. Branches, functional groups or other substituent groups   

    are numbered and named using the numbering system 
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    established by rule 3.

3 - methyl - 1 – butane

6. If the compound is a cis- or trans- isomer the appropriate    
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    prefix followed by a hyphen is placed in front of the name.

trans - 3 - methyl - 3 - hexene



7. If there are two or more double bonds:




a. Use the numbering system previously determined 

    to indicate where the double bonds are.




b. Use the correct prefix to indicate how many double
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                                         bonds there are.

1,4 - pentadiene

8. Cyclic compounds containing double bonds are named as 

    cycloalkenes in a manner SOMEWHAT similar to alkanes




a. When there is only one double bond assume that it is 

  


    found between carbon 1 and carbon 2.  However do

    not put that number in the name.
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cyclopentene NOT 1- cyclopentene




b. Number the branches, functional groups or other

                                        substituent groups.





(1) Number in the direction around the ring that

      gives the lowest possible number to the 

      substituent that has alphabetical priority. 

(2) Remember that the double bond is assumed to
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B Examples



Name the following
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2,3 - dimethyl - 2 - pentene

Question: Why is it NOT cis - 2,3 - dimethyl - 2 - pentene
[image: image126.wmf]C

C

+

C

C

O

H

O

H

KMnO

4


trans - 2,3 - dibromo - 2 - pentene
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2 - ethyl - 4 - propyl - 1,5 - hexadiene
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DRAWING STRUCTURES OF ALKENES


A. Procedure



1. Draw the bare backbone of carbons for the parent chain.



2. Add the double bonds at the indicated locations.



3. Add any branches, functional groups or other substituent

                           groups at the indicated locations taking into account any 

    indicated cis-trans isomerism.



4. Fill in hydrogens as needed to make each carbon tetravalent.


B. Examples



Draw the structure of



cis -  3,4 dimethyl - 3 - octene
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1,3 - dimethyl - 1,3 cyclohexadiene
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CLASSIFICATION OF ORGANIC REACTIONS

We need to cover this in general as background for the reactions of alkenes.


A. Six types of reactions



1. Addition reactions




a. Definition

An addition reaction occurs when two reactants combine to form one new product.




b. Example





CH2=CH2 + H2 (( CH3(CH3

2. Elimination reactions




a. Definition

An elimination reaction occurs when one reactant splits into two products.




b. Example
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Note: Addition reactions and elimination reactions are opposites.



3. Substitution reactions




a. Definition

In a substitution reaction two molecules exchange parts to give two new products.




b. Example
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4. Hydrolysis reactions




a. Definition

In a hydrolysis reaction a larger molecule reacts with water to form two smaller molecules.




b. Example
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5. Condensation reactions




a. Definition





In a condensation reaction two smaller molecules

combine to form one larger molecule and one smaller product.




b. Example
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6. Rearrangement reactions




a. Definition





In a rearrangement reaction the bonds and 

atoms are rearranged to form an isomeric product.




b. Example
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B. Examples of identifying reaction types



Identify the following reactions by type
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hydrolysis
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addition
[image: image13.wmf]
REACTIONS OF ALKENES


A, Addition of hydrogen



1. Description




Using a catalyst, one molecule of hydrogen is added to 

each double bond of an alkene converting it to an alkane.



2. Pattern
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3. Example


B. Addition of halogens



1. Description




At room temperature and without UV light, one molecule 

of either chlorine or bromine is added to each double bond of an alkene converting it into the dihalide.



2. Pattern
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3. Example
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C. Addition of hydrogen halides and Markovnikov’s Rule


1. Description

Bubbling the gaseous HX through the alkene, one molecule of HX is added to each double bond of an alkene converting it into an alkyl halide.



2. Pattern

[image: image133.wmf]C

C

+

2 X

2

C

C

X

X

X

X

X

2

 = Cl

2

 or Br

2




3. Example
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4. Markovnikov’s Rule




a. Stated 


In additions of HX (HCl, HBr) to alkenes the 

“H” of the “HX” goes to the double-bonded 

carbon that already has the greatest number 

of hydrogens.


OR





“Them as has, gits.”




b. Examples
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D. Addition of water -- hydration



1. Description

Using strong acid (usually H2SO4) as a catalyst, one molecule of water is added to each double bond of an alkene obeying Markovnikov’s Rule converting it into an alcohol.
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2. Pattern

[image: image139.wmf]

3. Example


E. Glycol formation



1. Description




Cold slightly alkaline KMnO4 is stirred with the alkene 

to form glycols at each double bond ( a glycol being a 

dihydroxy alcohol
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2. Pattern
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3. Example

POLYMERIZATION OF ALKENES


A. Background



1. Definitions




a. Monomer 

A monomer is a small molecule that will repeatedly combine with other molecules to form large chains called polymers.

b. Polymer





A polymer is a large molecule made up of a chain

of  repeating structural units called monomers.

                            repeating monomeric units

                                      ((( ((( (((
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c. Polymerization





Polymerization is the process of monomers being 

repeatedly added to the end of a growing chain by

repetitive bonding.



2. Two categories of polymers by source




a. Biopolymers





(1) Definition

a polymer that is synthesized in nature





(2) Examples






DNA






proteins






polysaccharides 







such as starch and cellulose






silk




b. Synthetic polymers





(1) Definition






a polymer not synthesized in nature, 

i.e., man-made





(2) Examples






PVC






Teflon






Plexiglass

ALKYNES


A. Definition

An alkyne is a hydrocarbon containing at least one carbon-carbon 

triple bond.


B. Physical and chemical properties of alkynes



1. Insoluble in water



2. Soluble in non-polar solvents

3. Melting point and boiling point increases with increasing

    molecular weight.



4. Flammable



5. Reactive at the triple bond



C. Naming alkynes and drawing the structure of alkynes are very

     similar to the processes for alkenes.
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1. Example for naming alkynes

4,4 - dimethyl - 2 - heptyne


2. Example for drawing structures of alkynes



Draw 3,3,4,4 - tetrabromo - 1 cyclohexyl - 1 hexyne

[image: image144.wmf]
REACTIONS OF ALKYNES


A, Addition of hydrogen



1. Description




Using a catalyst, two molecules of hydrogen are added to 

each triple bond of an alkyne converting it to an alkane.



2. Pattern
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3. Example


B. Addition of halogens



1. Description




At room temperature and without UV light, two

molecules of either chlorine or bromine are added to each triple bond of an alkene converting it into the tetrahalide.



2. Pattern
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3. Example
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C. Addition of hydrogen halides


1. Description

Bubbling the gaseous HX through the alkyne, two molecules of HX are added to each triple bond of an alkyne converting it into an “n, n” alkyl dihalide.



2. Pattern
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3. Example
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D. Addition of water -- hydration



1. Description

Using strong acid (usually H2SO4) as a catalyst, one molecule of water is added to each triple bond of an alkyne converting it into an aldehyde if it is in the “1” position, otherwise converting it into a ketone.
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2. Pattern
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3. Example

AROMATICS


A. History



1. Benzene ( C6H6
a. 1865 the German chemist Kekule determined the structure 

of benzene  to be a ring with alternating single and double bonds, 

like “1, 3, 5 - cyclohexatriene”.

[image: image153.wmf]b. The double bonds in benzene do not act like the double 

     bonds in other compounds ( they do not undergo the 

     same reactions.

c. Kekule proposed that the single bonds and the double 

   bonds oscillated back and forth so rapidly that there 

   was no difference between them.



2. The origin of the term “aromatic”




a. Early organic chemists discovered that many of the 

   substances containing a benzene ring had a pleasant 

   aroma.
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b. However other compounds with a benzene ring are 

              solids with little or no aroma.
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B. Aromaticity



1. Back to benzene




a. All of the carbon-carbon bonds in benzene are 

    the same ( there is no distinct single and double bonds.




b. The bonds are midway in length between single bonds

     and double bonds.

 
C(C      benzene 
C=C

          154 pm    140 pm       133 pm 

c. This is explained by resonance.


(1) Two structural formulas can be drawn 

      for benzene.
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(2) Benzene is actually a hybrid of these two rather

      than either one or the other.



Example




A mule is a hybrid between a horse

 and a donkey.
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d. Benzene has SIGMA bonds that lie BETWEEN the carbon 

                                       atoms and PI bonds that form a loop of  overlapping bonds 

                                       ABOVE AND BELOW the ring.

Each carbon has four electrons:






One is shared with the next carbon 

clockwise in a sigma bond.






One is shared with the next carbon

counterclockwise in a sigma bond.

One is shared with the hydrogen sticking 

out from the ring.
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2. Aromaticity defined

An aromatic compound is one that has a ring of alternating single and double bonds with a total of 

SIX electrons available to participate in pi bonds.

NAMING AROMATIC COMPOUNDS


A. Rules



1. When a benzene ring is a substituent on another chain it may

                         be simpler to name the chain and refer to the attached 

     benzene as a “phenyl” group.





[image: image15.wmf]



4 - phenyl - 2 -octene



2. When basing the name on the aromatic ring use the handout

     to determine the parent name.



3. If there is only one substituent attached to benzene, the name 

              of the group is attached as a prefix to the parent name
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nitrobenzene
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propylbenzene



4. If there are two substituents the terms ortho, meta, and para

                are used.

a. “ortho” - 1,2 substitution
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ortho - methyltoluene 

OR 

ortho - dimethylbenzene

b. “meta” 1,3 substitution
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c. “para” - 1,4 substitution
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5. If there are three or more substituent groups the numbering

    system and rules used for cycloalkanes must be used.
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1,4 - diethyl - 2 - methylbenzene


B. Examples



Name the following
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bromobenzene

meta - dimethylbenzene
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2,5 - dimethyl furan

DRAWING AROMATIC COMPOUNDS


A. Rules



1. Draw the parent ring first, taking note of whether it is 

    a substituted benzene.



2. Locate the substituent groups using the numbering system 

    given in your handout.


B. Examples



Draw the following




meta - nitrophenol
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2,4,6 - trimethylaniline
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OTHER IMPORTANT AROMATICS


A. Polycyclic aromatics



1. Naphthalene
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2. Anthracene



3. Phenanthrene
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B. Heterocyclic aromatics



1. Pyridine - part of some B vitamins
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2. Pyrimidine - part of Cytosine, Thymine, and Uracil bases 

                         in DNA/RNA
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REACTIONS OF AROMATICS


A. Halogenation



1. Description




The halogen is bubbled through a mixture of the aromatic

compound and an iron catalyst and one halogen is 

substituted onto the aromatic ring.



2.  Pattern
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3. Example
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B. Nitration


1. Description

The aromatic is treated with a mixture of concentrated nitric and concentrated sulfuric acids and one nitro group is substituted onto the aromatic ring.
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2. Pattern



3. Example
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C. Sulfonation



1. Description

The aromatic compound is heated with concentrated sulfuric acid to form the sulfonic acid.



2. Pattern
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3. Example
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ALCOHOLS


A. Definition

An alcohol is a compound containing a hydroxyl ((OH) group bonded to a carbon that in turn has only single bonds.


B. Some important alcohols.



1. Methanol




CH3OH




a. Called wood alcohol because it used to be made by 

heating wood in the absence of air ( now made by    

reacting carbon monoxide with hydrogen




b. Used in windshield washer fluids and as a fuel additive 

               for racing cars




c. Very toxic when ingested 

(1) 15 mL causes blindness in an adult

(2) 100-250 mL causes death in an adult



2. Ethanol




CH3CH2OH




a. Called grain alcohol

b.  Produced from fermentation

(1) The process of fermentation of almost 

      any sugar containing substance will 

      produce ethanol

(2) Fermentation stops when the concentration 

      of ethanol reaches about 14%.

Fermentation enzymes are inhibited by

the ethanol.





(3) Pure ethanol will pull water from the air until

      its concentration drops to 95%.

(3) Used as an industrial solvent


(a) Pure ethanol costs about $1 per gallon

                to make.


(b) Taxes on drinkable alcohol raise that

                 to over $20.


(c) Denatured alcohol is ethanol to which

                other chemicals have been added in 

                small amounts to make it unfit to drink.



3. Isopropyl alcohol
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a. Called rubbing alcohol 

(usually 70% alcohol, 30% water)




b. Used as a skin cleanser before minor medical

    procedures.

 

4. Ethylene glycol
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a. A dihydroxy ethane (1,2 substituted)




b. Used in antifreeze




c. Toxic - 100 mL will kill an adult



4. Glycerol (also called glycerin)





[image: image30.wmf]C

H

2

C

H

C

H

2

O

H

O

H

O

H





a. A trihydxoypropane (1,2,3 substituted)




b. Not toxic, but still sweet like ethylene glycol




c. Used in foods, cosmetics, and plastics


C. Physical properties of alcohols



1. Solubility varies with the size of the hydrocarbon part.




small organic part





HO(CH3




HO(CH2CH3

large organic part





HO(CH2CH2CH2CH2CH2CH2CH3



a. Methanol and ethanol





(1) Miscible with water





(2) Will dissolve ionic substances such as salts





(3) Are also miscible with organic solvents




b. Heptanol (and alcohols with an even largerorganic part)





(1) Almost completely immiscible with water





(2) Very miscible with alkanes

2. Melting point and boiling point increases with increasing

    molecular weight.

3. Melting point and boiling points are much higher than 

    the corresponding alkanes due to hydrogen bonding.



4. Solubility in water and melting and boiling points increase 

              with the number of hydroxyl groups attached.

A diol will have greater solubility and higher melting and boiling points than the corresponding molecule with only one hydroxyl group.
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        B.P. 117 (C                       B.P. 230 (C  

                                solubility - 7g/100 mL    solubility - fully miscible


D. Chemical properties of alcohols



1. Flammable



2. Reactive at the hydroxyl group in several ways.

CLASSIFICATION OF ALCOHOLS


A. Rules



1. Primary




a. Definition





A hydrocarbon with the hydroxyl group bonded 

to a primary carbon




b. Example
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2. Secondary




a. Definition





A hydrocarbon with the hydroxyl group bonded 

to a secondary carbon




b. Example
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3. Tertiary




a. Definition





A hydrocarbon with the hydroxyl group bonded 

to a tertiary carbon




b. Example
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B. Examples



[image: image35.wmf]C

H

3

C

H

2

C

H

C

H

3

O

H



2( carbon = secondary alcohol
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1( carbon = primary alcohol

NAMING ALCOHOLS 


A. Rules



1. The longest chain that contains the hydroxyl group is the

     parent chain.
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2. The parent name is given the same stem as the corresponding 

     alkane, but the suffix “-ol” replaces the “-e” in the suffix

     in the alkane’s “-ane”.
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3. The carbon atoms are numbered from the end of the chain 

                          closer to the hydroxyl group.

4. Branches, functional groups or other substituent groups   

    are numbered and named using the numbering system 

    established by rule 3.

5. If the hydroxyl group is attached to a ring the carbon to 

    which the hydroxyl is attached is numbered “1”.




a. When there is only one hydroxyl assume that it is 

  


    found on carbon 1.  However do not put that number 

    in the name.
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cyclohexanol NOT 1- cyclohexanol




b. Number the branches, functional groups or other

                                        substituent groups.





(1) Number in the direction around the ring that

      gives the lowest possible number to the 

      substituent that has alphabetical priority. 

(2) Remember that the hydroxyl group is assumed 

      to be found on carbon 1.
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6. If there are two or more hydroxyl groups:




a. Use the numbering system previously determined 

    to indicate where the hydroxyl groups are.




b. Use the correct prefix to indicate how many hydroxyl

    groups there are.
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2,4 - hexanediol

7.  When an alcohol also contains a double or triple bonds, 

      the hydroxyl group takes precedence in the numbering 

      of the carbon chain or ring.


a. The number that locates the double or triple bond 

               is placed in front of the name of the alkene/alkyne.


b. Replace the final “-e” of the alkene/alkyne with:



(1) a hyphen followed by the number that tells 

                             the position of the hydroxyl group



(2) followed by another hyphen and the 

                             suffix “-ol”
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5 - hexen - 1 - ol
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5 - heptyn - 2,3 - diol


B Examples



Name the following
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4 - methyl - 3 - hexanol
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3,4 - dimethyl - cyclohexanol

DRAWING STRUCTURES OF ALCOHOLS


A. Procedure



1. Draw the bare backbone of carbons for the parent chain.



2. Add the hydroxyl groups at the indicated locations.



3. Add any branches, functional groups or other substituent



    groups at the indicated locations.



4. Fill in hydrogens as needed to make each carbon tetravalent.


B. Examples



Draw the structure of




3 - bromo - 4 - methyl - 1 - octanol
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1 - hexen - 3,3 diol 
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REACTIONS OF ALCOHOLS


A. Dehydration



1. Description




When treated with a strong acid (usually H2SO4) the hydroxyl 

     


group and an adjacent hydrogen are lost forming an alkene.




Mixtures of products usually result.




The major product will be the one that has the greater 

number of alkyl groups attached to the double bonded carbons.
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2. Pattern

3. Example 
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B. Oxidation


1. Oxidation using Na2Cr2O7 in H2SO4



a. Descriptions




(1) When treated with sodium dichromate in 

      hot sulfuric acid primary alcohols are oxidized 

      to the corresponding carboxylic acid.

(2) When treated with sodium dichromate in 

      hot sulfuric acid secondary alcohols are 

      oxidized to the corresponding ketone.

(3) Tertiary alcohols are not oxidized by sodium 

      dichromate and hot sulfuric acid.




b. Patterns
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c. Examples
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2. Oxidation using PCC (pyridinium chlorochromate)



a. Descriptions

TAKE NOTE:

(1) When treated with PCC in methylene chloride

                  primary alcohols are oxidized to the corresponding 

                  aldehyde, NOT the carboxylic acid.

(2) When treated with PCC in methylene chloride 

      secondary alcohols are oxidized to the

      corresponding ketone.

(3) Tertiary alcohols are not oxidized when

      treated with PCC in methylene chloride.




b. Patterns
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c. Examples
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C. Reaction with HBr



1. Description




When the alcohol is heated with concentrated HBr 

the hydroxyl group is replaced by the bromo group.

Concentrated HBr is reactive enough to replace the hydroxyl 

but concentrated HCl needs the catalyst ZnCl2.



2. Pattern
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3. Example
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D. Reaction with sodium metal to form alkoxides



1. Description




When an alcohol is reacted with sodium metal a sodium 

alkoxide solution is formed and hydrogen gas is released.



2. Pattern
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3. Example
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E. Formation of ethers


1. Description



An alcohol is reacted with metallic sodium to form the 

sodium alkoxide.  The sodium alkoxide is then reacted 

with an alkyl halide to form the ether.



2. Pattern
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3. Example
[image: image57.wmf]
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PHENOLS


A. Definition



A phenol is a compound containing a hydroxyl group bonded 

directly to a carbon of an aromatic ring.


B. Importance



1. Solutions of phenol (called carbolic acid) were one of the

                         earliest antiseptics.

2. Phenols are found in 

vanilla -- flavoring

thymol -- used to kill fungi

hexylresorcinol -- used as a topical anesthetic

BHA and BHT -- used as antioxidants to preserve food

vitamin E

C. Physical properties


1. Tend to be liquids or low melting point solids.


2. Phenols have very high boiling points (many are over 200 (C) 

                due to hydrogen bonding.


D. Chemical properties



1. Phenols are acidic.




a. Unlike alcohols phenols are acidic -- they can more

                                       easily donate a proton.




b. Less acidic that carboxylic acids



2. Phenols are more reactive than unsubstituted aromatics 

                            when it comes to substitutions on the aromatic ring part of 

                           the molecule.

NAMING AND DRAWING PHENOLS


see notes in the section on aromatics

ETHERS


A. Definition



An ether contains two alkyl or aryl groups bonded to an oxygen atom.


B. Classification of ethers



1. Ethers can be classified as symmetrical or unsymmetrical




a. Symmetrical ethers - both groups attached to the 

    oxygen are identical




b. Unsymmetrical ethers - two different groups are

                                       attached to the oxygen



2. Ethers can be classified as alkyl ( alkyl, alkyl ( aryl,

                             or aryl ( aryl ethers.




a. Alkyl ( alkyl ethers

Both groups attached to the oxygen are either alkanes, alkenes, or alkynes




b. Alkyl ( aryl ethers

One group attached to the oxygen is an aromatic

compound.




c. Aryl ( aryl ethers.






Both groups attached to the oxygen are aromatic.


B. Physical properties

1. The boiling point of ethers is comparable to alkanes with 

     similar molecular weights ( there are no hydrogens on the 

     oxygen for hydrogen bonding.



2. The solubility in water for ethers is comparable to that of 

                         alcohols with the same molecular formulas ( there are 

                         unshared pairs on the oxygen of the ether that are able to 

                         hydrogen bond with the hydrogen on water.


C. Chemical properties



1. Flammable except for fully halogenated ethers



2. Otherwise comparatively unreactive

REACTIONS OF ETHERS


A. Cleavage by acids



1. Description



    When treated with concentrated acids (usually HI or HBr) 

                             at high temperatures:




a. An alkyl-alkyl ether initially forms an alkyl halide 

   and an alcohol, but the alcohol goes on to form another

   alkyl halide.




b. An aryl-alkyl ether forms a phenol and an alkyl halide.



2. Patterns
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3. Examples
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B. Formation of peroxides over time with exposure to air



1. Description

In the presence of air and exposure to light alkyl ( alkyl ethers, particularly the commonly used diethyl ether, will slowly from explosive peroxides.



2. Example


[image: image59.wmf]C

H

3

C

H

2

O

C

H

2

C

H

3

C

H

3

C

H

2

O

O

C

H

2

C

H

3

+

O

2


NAMING ETHERS


A. Rules



1.  The parent name is the name of the larger or more complex 

                group attached to the oxygen.
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Since the propyl group is larger and more complicated 

than the methyl group this ether will be named as a propane.



2. The other group is named as an alkoxy derivative.



a. Give the parent name of the group attached to the oxygen.
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The parent name of the other group is methane.



b. Add the suffix “-oxy” to that name.




meth-oxy

3. For numbering purposes the alkoxy group will take 

                precedence over other branches.
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4. Name the ether as an alkoxy derivative of the larger or more 

                            complex group.
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1 - methoxy - 3 - methylbutane


B. Examples



1. Name the following
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methoxymethane
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2 - ethoxybutane
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3,3 - dimethyl - 1- phenoxybutane

DRAWING ETHERS

A. Procedure



1. Draw the bare backbone of carbons for the parent chain.



2. Add the alkoxyl groups at the indicated locations.



3. Add any branches, functional groups or other substituent



    groups at the indicated locations.



4. Fill in hydrogens as needed to make each carbon tetravalent.


B. Examples



Draw the structure of



2 - ethoxy - 3 - iodopentane




[image: image67.wmf]C

H

3

C

H

C

H

C

H

2

C

H

2

C

H

3

O

C

H

2

C

H

3

I




para - phenoxyphenol
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THIOLS, MERCAPTANS, THIOETHERS, AND DISULFIDES


A. Thiols (“mercaptan” is a synonym for “thiol”)

1. Definition




A thiol is a compound containing a sulfhydryl ((SH) 

group bonded to a carbon atom.

Thiols can be thought of as the sulfur analogs of alcohols.



2. Example
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methanethiol



3. Noted for their odor




Methanethiol added to natural gas to help detect leaks.




Skunk odor is a mixture of two thiols/mercaptans.




4. Important in the function of enzymes




The activity of an enzyme often depends on one or more

free (chemically unbonded) sulfhydryl groups.




Lead salts and mercury salts are toxic because they react

with the free sulfhydryl groups of enzymes.


B. Thioether


1. Definition

A thioether contains two alkyl or aryl groups bonded to

a sulfur atom.

Thioethers can be thought of as the sulfur analogs of 

ethers.



2. Example
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methylthioethane

C. Disulfide 

1. Definition

A disulfide contains two alkyl or aryl groups bonded to

a pair of singly bonded sulfur atoms.



2. Example
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methyldithioethane  



3. Important biologically




a. Can be formed from two thiols when treated with 

    mild oxidizing agents.

b. Example


The amino acid cysteine has a thiol group:
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that can be selectively reduced and oxidized to form disulfide bonds to hold hair protein in the desired arrangement in the process of “perming” hair.

NAMING AND DRAWING THIOLS, MERCAPTANS, THIOETHERS, AND DISULFIDES

The student will NOT be responsible for naming and drawing structures ( only for recognizing the type of the compound from 

the structure.
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Topic 22 – Organic Chemistry

© 2006 Lloyd Crosby
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